Intra-axonal Location of Herpes Simplex Virus Particles
There is increasing evidence that herpes simplex virus (HSV) may reach the central nervous system along peripheral nerves (Johnson, 1964; Wildy, 1967) . Johnson showed that after subcutaneous or intranasal inoculation of mice with HSV, there was spread of virus along corresponding cranial and peripheral nerves. The spread was thought to result from the centripetal infection of endoneural (Schwann and/or fibroblast) cells. Johnson was unable to demonstrate antigen inside axons by means of immunofluoresence, even when the corresponding ganglion cell perikaryon was infected. However, the recent work of Kristensson, Lycke & SjOstrand (1971a) gives further weight to the much older hypothesis that the most important mode of spread is inside the axons (Goodpasture & Teague, 1923) . Using 3-week-old suckling mice, inoculated intradermally in the hind footpad, the appearance of virus could be demonstrated in dorsal-root ganglion cells within 3 days of inoculation (Kristensson et aL I97Ia; Wildy, 1967) . Kristensson et aL (I97Ia) showed that the movement of virus could be interrupted by various methods of blocking the sciatic nerve. While this work suggests that intra-axonal movement of virus occurs, no virus particles were observed within axons by electron microscopy. Similar negative findings were reported by Baringer & Griffith (I97O); Rabin, Jensen & Melnick (I968) and Severin & White 0968).
During the course of our studies on the neurovirulence of HSV in mice, we have made electron microscope observations which further substantiate the possibility of intra-axonal spread of herpes virus particles. In this study, 3-week-old mice were inoculated subcutaneously, by means of the right hind footpad, with a cloned type I or 2 HSV. The viruses were originally isolated at the Public Health Laboratories, Bristol, from cases of herpes labialis (type I virus) and herpes genitalis (type 2 virus). Both viruses were subsequently passaged several times in HEp2 cells. Mice received inocula of o'o25 ml. containing either 7 x IO a p.f.u, type I HSV (as titrated in HEp2 cells; equivalent to IO ~ LDso as titrated by intracerebral inoculation in 3-week-old mice) or 4 x IO a p.f.u, type 2 HSV (equivalent to 104 LDso).
Samples at various levels of the sciatic nerve, spinal cord, and brain were examined for infectivity and by electron microscopy. Tissue samples were fixed with glutaraldehyde and osmium tetroxide and embedded in araldite according to standard procedures. Sections were doubly stained with uranyl acetate and lead citrate and examined using a Hitachi HS7S electron microscope. In mice showing unilateral and bilateral hind limb paralysis at 6 to 7 days after inoculation, sections of spinal cord revealed infection of all types of cells (neurons and glia). However, besides observing the morphological changes previously reported by other workers, e.g. Baringer & Griffith (I97O) , on a few occasions virus particles were also seen within unmyelinated and myelinated axons ( Fig. I and 2 ). Both figures show type I virus particles but similar observations were made with type 2 virus.
The intra-axonal particles (either single or groups of 2 to 6) were only observed after prolonged searching, but such particles were found regularly in all samples of lower spinal cord showing extensive morphological evidence of virus replication in neurons and glia. Samples from the same mice usually showed low levels of infectious virus in the right sciatic nerve and brain, and high levels in the lower, and occasionally upper spinal cord. Considering the very small areas of tissue sampled by thin sectioning and the low probability of Fig. I . Unmyelinated axon containing a naked virus particle (arrow). 
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255 locating particles along the length of axons, it is perhaps not surprising that previous workers have not reported intra-axonal particles. There seem to be three possible explanations for the occurrence of intra-axonal virus particles: (0 the virus particles entered the axon directly from adjacent cells; (2) the virus particles were travelling from the periphery towards the central nervous system; (3) the virus particles were travelling from the perikaryon of an infected neuron. Of these (I) seems least likely in view of the difficulty of penetrating the myelin sheath. However, our observations are direct morphological evidence of intra-axonal HSV.
In Fig. ~ the enveloped virus particles are clearly lying within one of the cisternae of the agranular endoplasmic reticulum. These cisternae may be a part of a continuous system extending along the length of the axon (Peters, Palay & Webster, I97O) . Such a system may be one possible channel for intra-axonal movement of virus particles.
It is now well established that transport of cell material may occur in the proximodistal direction (Watson, 1968) , and this flow has been used to discount the possibility of transport of virus from the periphery to the central nervous system (Wright, 1953) . However, Kristensson, Olsson & Sj6strand (I97r b) have shown, by means of fluorescent tracers, that rapid retrograde transport from a peripheral site to neuron somas could occur in vivo. It seems that there are no theoretical barriers to the hypothesis that rapid transport of infectious virus could occur in either direction in vivo, and this may have important implications in the pathogenesis of virus diseases of the nervous system. We wish to thank Mrs Penny Stirling for her excellent technical assistance in the preparation of thin sections and Dr H. R. Cayton for the supply of laboratory mice. H. J. F. is supported by an M.R.C. Research Training Scholarship.
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